The tectal plate comprises the posterior portion of the midbrain, borders the quadrigeminal cistern, and includes the superior and inferior colliculi. Benign and malignant pathologies occurring in this location may lead to aqueductal stenosis, obstructive hydrocephalus, and Parinaud syndrome. Both computed tomography and magnetic resonance imaging can be used to further characterize lesions involving the tectal plate. In this pictorial essay, we review various tectal plate lesions and their imaging features.
Introduction
The tectal plate (or tectum) forms the posterior aspect of the midbrain and includes the neural tracts posterior to the cerebral aqueduct, namely the superior and inferior colliculi. The superior colliculi are part of the visual pathway, involved in preliminary visual processing and control of eye movements. The inferior colliculi are involved in the auditory processing.
Pathologies of the tectal plate can result in Parinaud syndrome, which is a clinical entity related to mass effect on the dorsal midbrain and compression of the superior colliculi. Parinaud syndrome is associated with 4 major signs: limitation of upward gaze, pupillary light-near dissociation (loss of pupillary light reflexes), convergence abnormalities, and Collier sign. Lesions of the tectal plate may also cause obstructive hydrocephalus, due to mass effect on adjacent structures, predominantly the aqueduct of Sylvius. 1 Patients may present with headache, nausea, and vomiting as a result of increased intracranial pressure.
A variety of pathologies can affect the tectal plate, including, but not limited to vascular pathologies, neoplasms, inflammatory, and infectious conditions. In this pictorial essay, we will review some of these pathologies and describe their imaging features.
Vascular
Cavernous malformation. Tectal plate cavernous malformations (CVMs) are rare (with a 0.4%-0.6% prevalence), especially when compared to their supratentorial counterparts. Brainstem CVMs have a high incidence of hemorrhage and rehemorrhage, with an estimated annual risk of hemorrhage of about 2.7%, going up to about 21% for patients with previous hemorrhage. 2 On computed tomography (CT) imaging, these lesions usually appear as a hyperdense, sometimes calcified mass. When present, surrounding vasogenic edema may suggest that there has been recent hemorrhage ( Figure 1A ). On magnetic resonance imaging (MRI), these lesions show the classic ''popcorn'' appearance of a heterogeneous signal intensity on T1-weighted imaging (T1WI) and T2-weighted imaging (T2WI); T1-and T2hypointense rim signal of hemosiderin; and blooming artifact on susceptibility weighted images. Internal signal varies on T1 and T2 based on the age of hemorrhage ( Figure 1B -D). Treatment generally involves either surgery or radiosurgery.
Arteriovenous malformation. Arteriovenous malformations (AVMs) are fast-flow vascular malformations with an abnormal connection between the arteries and veins, called a ''nidus,'' bypassing the capillary system. They are generally comprised of one or more feeding arteries, draining veins, and a central nidus. 3 On CT, the blood-filled nidus appears hyperdense ( Figure 2A) , with possible visualization of prominent draining veins. The nidus may have a ''bag of worms'' appearance on CT angiography studies. Calcifications may occur. On MRI, prominent vascular flow voids can be seen with this entity on T2WI, as well as blooming artifact on susceptibility weighted imaging. There may be surrounding T2-hyperintense signal in the brain parenchyma, related to edema, especially if there has been recent hemorrhage. Magnetic resonance imaging with gadolinium can help delineate the nidus and involved vessels, when large enough ( Figure 2B -D). However, cerebral catheter angiogram remains the gold standard for diagnosis and treatment planning. Treatment for AVM may include endovascular occlusion, microsurgery or radiosurgery, and sometimes a combination of all 3, depending on the size and location of the AVMs.
Infarct
The tectal plate is supplied by the quadrigeminal artery, a branch of the posterior cerebral artery and by the superior Figure 1 . A 62-year-old male with a tectal plate cavernous malformation. Nonenhanced axial CT of the head (A) demonstrates an elongated hyperdense lesion centered within the tectum (thick arrow) with extension into the third ventricle anteriorly. Axial T2W image (B) of this lesion (curved arrow) shows a mixed signal intensity lesion with a hypointense rim and surrounding vasogenic edema. Axial FLAIR sequence (C) confirms these findings of mild surrounding edema, related to recent hemorrhage and extension of blood into the third ventricle (thin arrow). Sagittal T1W sequence (D) shows mixed, high-signal intensity, with a typical ''popcorn'' appearance and a hemosiderin rim of hypointensity in the region of the superior and inferior colliculi, consistent with a cavernous malformation (chevron). CT indicates computed tomography; FLAIR, fluid-attenuated inversion recovery; T1W, T1-weighted; T2W, T2-weighted. cerebellar artery. Basilar tip occlusion may therefore result in an acute infarct in this location. Specifically, Nothnagel syndrome has been described when a lesion in the tectum (from a neoplasm or infarct for instance) causes symptoms of unilateral/bilateral oculomotor nerve paralysis and ipsilateral cerebellar ataxia (reference 1). Imaging features are similar to infarct elsewhere in the brain; CT may show hypodensity secondary to edema, while MRI will show increased T2/fluidattenuated inversion recovery (FLAIR)-signal intensity of the tectal plate and evidence of restricted diffusion on diffusionweighted imaging (DWI). Vascular imaging, that is, CT angiogram or MR angiogram should be done for vessel assessment.
Infectious
Abscess. Solitary brainstem abscesses are uncommon, with an incidence of less than 0.5% among all brain abscesses. 4 Risk factors include congenital heart disease, endocarditis, and immunosuppression. These patients usually present with seizures, focal neurological deficits, headaches, and fever. On CT, abscess can appear as an isodense or hyperdense rim enhancing mass with central low attenuation and surrounding edema. On MRI, abscess will typically present as a well-defined mass with thin-walled enhancing rim, with central T1-hypointense and T2-hyperintense signal and associated central areas of restricted diffusion on DWI ( Figure 3A -D). A specific ''dual rim'' sign may be seen on T2WI and SWI, with a hyperintense line located inside the low-intensity rim. Treatment involves antibiotic treatment with or without neurosurgical drainage. Stereotactic aspiration can also be performed depending on the location. 5 Neoplastic Glioma. Brain stem neoplasms represent about 10% to 25% of primary brain tumors, with 5% being localized to the tectal plate. 6 Tectal plate gliomas are usually seen in the pediatric population, namely in 3-to 16-year-old patients. With respect to tumors of the tectal plate, astrocytomas are the most common type. 7 These patients usually present with a unique characteristic of late-onset aqueductal stenosis and associated hydrocephalus. 8 They maybe asymptomatic, but can present with headache, vomiting, ataxia, or Parinaud syndrome. On CT, these lesions cause homogenous expansion of the tectal plate. There may be minimal, if any, enhancement and possible calcification. On MRI, these intra-axial expansile lesions are generally T1 isointense and T2/FLAIR hyperintense, with minimal or no enhancement ( Figure 4A and B ). Treatment includes radiotherapy or surgical excision. Ventricular shunts can be placed if hydrocephalus is present. 9 Meningioma. Meningiomas are meningothelial cell neoplasms, typically extra-axial, dural-based lesions. These lesions are most commonly supratentorial in location, with posterior fossa involvement reported at 10% to 15% and are rarely seen within the region of the tectum/pineal gland. 10 Although usually found incidentally, patients with tectal plate meningioma can infrequently present with headache, paresis, and change in mental status. On CT, meningiomas appear as hyperdense/isodense masses, related to their high cellularity, with avid homogenous enhancement. Calcification may be present in up to 30% (Figure 5A ). On MRI, these lesions usually demonstrate isointense/ hypointense T1 signal, variable signal intensity on T2WI, and intense homogenous enhancement on T1 postcontrast ( Figure  5B and C) . Restricted diffusion may also be present. Although also seen in other pathologies, dural tail is seen in 60% to 70% of meningiomas and may aid with the diagnosis. The vast majority of meningioma (over 80%) are considered World Health Organization grade 1 lesions and are often managed conservatively. They can also be treated by surgical excision or radiosurgery.
Metastasis. Among metastatic lesions in the brain, 2% to 3% will be found in the brainstem. 11 Depending on the location of the metastatic lesion, patients may present with headache, nausea, hydrocephalus, and Parinaud syndrome. Classically, brain metastases on CT will appear as ring enhancing lesions with surrounding vasogenic edema and mass effect. However, they can also present with punctate or nodular enhancement. On MRI, they are usually T2 hyperintense and have variable signal intensity on T1WI (depending on the histologic type and presence of intralesional hemorrhage). There may be restricted diffusion especially with highly cellular tumors. The pattern of enhancement is similar to that of CT ( Figure 6A-C) . Another form of metastatic spread of disease is leptomeningeal carcinomatosis, better evaluated on MRI. On MRI, noncontrast enhanced T1-and T2-weighted images may appear unremarkable. Fluid-attenuated inversion recovery may show increased signal intensity within the sulci and cisterns. The most sensitive sequences for detection of leptomeningeal spread of disease are the postcontrast T1 and postcontrast FLAIR sequences, which demonstrates diffuse or local superficial enhancement involving the leptomeninges and/or the cranial nerves ( Figure 7A and  B) . Brainstem metastases may be amenable to stereotactic radiosurgery. 12 
Autoimmune
Multiple sclerosis. Multiple sclerosis (MS) is not an uncommon entity, however involvement of the tectum is extremely rare and has only been described in some case reports. Tectal MS Figure 9 . A 77-year-old male with a lipoma involving the tectal plate. Axial CT head without contrast (A) shows a lobulated hypodense lesion (curved arrow) with attenuation within the range of lipid. Axial MRI demonstrates a hyperintense lesion on T1W image (thick white arrow; B) and hypointense (thin black arrow) on T2W fat saturated sequence image (C), confirming it to be a fat-containing lesion. There is no associated restricted diffusion (thick black arrow) on the DWI sequence (D) with no significant difference in hypointensity (chevron) on the ADC map (E), in keeping with lack of restricted diffusion. ADC indicates apparent diffusion coefficient; CT, computed tomography; MRI, magnetic resonance imaging; DWI, diffusion-weighted imaging; T1W, T1-weighted; T2W, T2-weighted. lesions can present in the form of Parinaud syndrome. 13 Computed tomography findings of tectal plate plaques are nonspecific and may demonstrate hypodense attenuation with possible enhancement. On MRI, demyelinating plaques of MS are usually isointense/hypointense on T1 and hyperintense on T2 and FLAIR images ( Figure 8A and B) . Active lesions can show enhancement, usually in the form of an incomplete rim of enhancement, as well as restricted diffusion on DWI.
Congenital
Lipoma. Intracranial lipomas account for about 0.1% of all primary brain neoplasms. From those that occur in the brain, about 25% have a predilection for the quadrigeminal cistern. 14 These patients are usually asymptomatic but can present with symptoms like headache, cranial nerve dysfunction, and seizures. These masses are usually well defined and of fat density on CT, approximately À50 to À100 HU ( Figure 9A ). They are hyperintense on T1-and T2-weighted sequences and demonstrate signal suppression on fat-suppressed images. They do not demonstrate enhancement or restricted diffusion ( Figure 9B-E) . These lesions are usually not treated as they are found incidentally, unless symptoms are present which may lead to surgical excision.
Arachnoid cyst. One percent of intracranial mass lesions are arachnoid cysts, of which 10% occur within the quadrigeminal cistern. 15 These are mostly congenital in origin and usually present in infants with intracranial hypertension and obstructive hydrocephalus. Other symptoms such as Parinaud syndrome, hearing deficits, and generalized spasticity can also be seen with these entities. On CT, these midline structures generally demonstrate hypodense cerebrospinal fluid (CSF) fluid attenuation with no enhancement. On MRI, they appear as T1-hypointense, T2-hyperintense structures with suppression in the FLAIR sequence ( Figure 10A-C) , following CSF signal characteristics in all sequences, with no associated enhancement or restricted diffusion.
Dermoid. Intracranial dermoids are rare, benign entities accounting for 0.3% of all intracranial tumors, with the quadrigeminal cistern being a very uncommon location. These tend to be asymptomatic but can cause hydrocephalus or Parinaud syndrome if large enough. On CT, these fat attenuation lesions are typically well defined and do not enhance. Calcification may be present. On MRI, dermoids are usually hyperintense on T1, variable intensity on T2, and do not enhance or demonstrate restricted diffusion.
Epidermoid. Epidermoid cysts are slow growing benign tumors, representing about 1% of intracranial tumors, of which about 15% are located in the quadrigeminal cistern. Similar to dermoids, when large enough, they can cause headaches, hydrocephalus, and rarely Parinaud syndrome. On CT, they have density similar to CSF, with a minority containing calcifications. On MRI, epidermoid cysts appear as a CSF-like mass that insinuates cisterns, with isointense or slightly hyperintense signal to CSF on T1-and T2-weighted images. As opposed to arachnoid cysts, signal intensity of epidermoid cysts does not completely null on FLAIR. There is typically associated restricted diffusion, which is the key to making the diagnosis. On occasion, ''white epidermoids'' may be present and are hyperdense on CT and T1 hyperintense on MRI due to a high-protein content.
Conclusion
Tectal plate lesions are rare. Compression of the tectal plate may cause Parinaud syndrome and obstructive hydrocephalus. Pathologies can include, but are not limited to infectious, neoplastic, demyelinating, and congenital processes. Computed tomography and MRI findings are similar to their corresponding counterparts seen within the cerebrum and cerebellum, but outside of the tectal plate. Figure 10 . A 53-year-old female with presumed arachnoid cyst posterior to the tectum. Axial T2W image (A) demonstrates a hyperintense lesion predominantly occupying the quadrigeminal cistern with mass effect on the tectal plate and midbrain (black arrow). The signal of this lesion is suppressed (white arrow) on the FLAIR sequence (B). It is homogenously hypointense (curved arrow) on the T1W sequence without contrast (C). FLAIR indicates fluid-attenuated inversion recovery; T1W, T1-weighted; T2W, T2-weighted.
